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(54) THIN FILM SINGLE MAGNETIC POLE MAGNETIC RECORDING HEAD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thin film signal 
magnetic pole magnetic recording head high in recording 
sensitivity and easy in production. 

SOLUTION: This thin film signal magnetic pole magnetic 
recording head is composed of a main pole thin film 5 of a soft 
magnetic thin film, thin film conductor coils 3 and 6, and a 
magnetic core (2 and 7) of prescribed soft magnetic materials, 
and has at least two or more sets of the loop-shaped spiral 
shape thin film conductor coil whose number of turns 1 temes. 
These thin film conductors coils 3 and 6 are disposed on both 
sides in the film thickness direction of the main pole thin film 5, 
and are formed so that two thin film conductor coils 3 and 6 
disposed between the both sides in the film thickness direction 
of the main pole thin film 5 are connected or not connected to 
each other at one place by using the conventional technique. 
Consequently, the front end of the main pole film is excited, then 
the magnetic head excellent in recording sensitivity and hardly 
being affected by the external magnetic field is easily 
manufactured. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In a thin film single magnetic pole magnetic-recording arm head characterized by providing 
the following Number of turns which constitute abbreviation loop shape have at least 2 or more sets of 
curled form thin film conductor coils of 1 or more ****** s . The above-mentioned curled form thin film 
conductor coil A thin film single magnetic pole magnetic-recording arm head characterized by being 
arranged at both sides of the direction of thickness of the above-mentioned main pole thin film, and for 
connection between the direction both sides of thickness of the above-mentioned main pole thin film of 
thin film conductor coils accomplishing by one place, or not connecting A main pole thin film which 
consists of a soft magnetism thin film A thin film conductor coil which consists of a thin film, and a 
magnetic core which consists of soft magnetic materials 

[Claim 2] In a thin film single magnetic pole magnetic-recording arm head characterized by providing 
the following A thin film conductor coil wound around a curled form is arranged also in the opposite 
side where the direction of thickness of the above-mentioned main pole thin film counters on both sides 
of the above-mentioned main pole thin film at one side of the direction of thickness of the main pole. So 
that each above-mentioned thin film conductor coil may generate a magnetic field of hard flow mutually 
in the direction of thickness of the above-mentioned main pole thin film and may generate like-pole 
nature and a magnetic field which changes at a part for a vortical abbreviation core in a main pole thin 
film point near the record-medium opposed face of the arm head concerned A thin film single magnetic 
pole magnetic-recording arm head characterized by being constituted so that the above-mentioned thin 
film conductor coil may be arranged to the depth direction of the above-mentioned main pole thin film 
and the direction of a coil of each above-mentioned thin film conductor coil or the polarity of current to 
energize may be given A main pole thin film which consists of a soft magnetism thin film A thin film 
conductor coil which consists of a thin film, and a magnetic core which consists of soft magnetic 
materials 

[Claim 3] A thin film single magnetic pole magnetic-recording arm head according to claim 1 or 2 
characterized by being formed in a location which each outermost edge of two or more spiral above- 
mentioned thin film conductor coils arranged so that it might insert in the thickness direction of the 
above-mentioned main pole thin film is exposed to the maximum surface of the arm head concerned 
which counters a record medium, or distance to this maximum surface approximates to exposure or an 
exposure 5 micrometers or less. 

[Claim 4] A main pole thin film formed on the above-mentioned thin film conductor coil and this thin 
film conductor coil, A main pole thin film arranged in a location which shifted a location of a recording 
track suitably to that already created main pole thin film on structure of a thin film conductor coil 
furthermore formed on this main pole thin film, A thin film single magnetic pole magnetic-recording 
arm head according to claim 1 or 2 characterized by being constituted so that multi-track record may be 
enabled by repeating structure of a thin film conductor coil furthermore formed on the above-mentioned 
main pole thin film two or more times, and creating a predetermined laminated structure. 
[Claim 5] A thin film single magnetic pole magnetic-recording arm head according to claim 1 or 2 
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characterized by making thickness of the above-mentioned main pole thin film into recording track 
width of face. 

[Claim 6] In a magnetic-recording arm head which makes thickness of the above-mentioned main pole 
thin film recording track width of face In structure of a main pole thin film formed on the above- 
mentioned thin film conductor coil and this thin film conductor coil, and a thin film conductor coil 
further formed on this main pole thin film A thin film single magnetic pole magnetic-recording arm head 
according to claim 5 characterized by being constituted so that multi-track record may be enabled by 
repeating structure of the above-mentioned main pole thin film and a thin film conductor coil further 
formed on this main pole thin film two or more times, and creating a predetermined laminated structure. 
[Claim 7] A thin film single magnetic pole magnetic-recording arm head according to claim 1 or 2 
characterized by being constituted so that an effect of magnetic shielding over an external suspension 
magnetic field may be given by considering as structure by which outline comprehension is carried out 
because structure which consists of a thin film conductor coil the above-mentioned main pole thin film 
and whose main pole thin film of this are pinched carries out contiguity arrangement of the soft 
magnetism thin film. 

[Claim 8] What combined independently or mutually a thin film single magnetic pole magnetic- 
recording arm head of this ** is used as a recording head. [ whether a soft magnetism thin film by the 
side of a substrate is considered as the upper shield among soft magnetism thin films which carry out 
outline comprehension of the structure which consists of a thin film conductor coil which sandwiches a 
main pole thin film and it up and down along the direction of thickness, and change, and ] Or another 
soft magnetism thin film in a location distant from this substrate is considered as a lower layer shield. 
From claim 1 which an anisotropy magneto-resistive effect element, a tunnel effect element, or the 
magnetic impedance effect element is formed, and is characterized by being constituted as an arm head 
for playback to huge among these soft magnetism thin films and shields, or a thin film single magnetic 
pole magnetic-recording arm head according to claim 7 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the thin film single magnetic 
pole magnetic-recording arm head suitable for especially the record by vertical magnetic recording with 
respect to the magnetic-recording arm head used for a magnetic recorder and reproducing device. 
[0002] 

[Description of the Prior Art] Also in the information recording method which has recent years 
variously, a magnetic-recording method has many points of excelling other methods in fields, such as 
the rapidity, large storage capacity, high-reliability, and cost, and is used for the broad field. Although 
the recording density of this magnetic-recording method improves remarkably the 2 double forward 
back in recent years every year, since record magnetization has turned to the field inboard of a record 
medium by the longitudinal recording method used for the current Lord, the effect of the anti-magnetic 
field in high recording density is large, and implementation of the high recording density which will be 
demanded further from now on is theoretically difficult. On the other hand, in the vertical magnetic 
recording to which record magnetization has turned, the direction of a normal, i.e., the perpendicular 
direction, of a record-medium side, since it is stabilized also in recording density still higher than a 
longitudinal recording method and information is recorded, implementation of higher recording density 
is expectable. 

[0003] In this vertical magnetic recording, it can roughly divide into two the magnetic head and record- 
medium systems with the combination of that magnetic head and magnetic-recording data medium to be 
used. One is a system using monolayer data medium of the longitudinal recording method of the former 
[ magnetic head ], the same ring head, and perpendicular magnetization record film. Although the 
magnetic head is able to use the thing of the conventional technology as it is in the case of this system 
and it is easy to perform the technical shift to vertical magnetic recording from the present longitudinal 
recording method, perpendicular magnetic field sufficient in this ring head cannot be generated, but it is 
thought that it is difficult to fully pull out the high density recording characteristic which was excellent 
in vertical magnetic recording. 

[0004] It is a system using bilayer vertical-magnetic-recording data medium which combined the soft 
magnetism film equivalent to the material which uses a single magnetic pole arm head for the magnetic 
head, and is used for the record medium as another system on the other hand at the magnetic head at the 
lower layer of perpendicular magnetization record film. Since the head magnetic field generated by the 
main pole film when a head magnetic field was generated perpendicularly and this main pole film 
combined with the soft magnetism film of bilayer vertical-magnetic-recording data medium in [ it is 
strong and ] static magnetism further by exciting with a coil the main pole film arranged in general at 
right angles to a record-medium side in the case of this system becomes a steep and strong thing, an 
ideal vertical magnetic recording is possible. However, since the ring head and structure which are used 
widely now differ from each other, the head structure and manufacturing process must newly be 
improved. 
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[0005] In the case of a thin film ring head, it is also possible to improve on a single magnetic pole arm 
head by improving the thickness and the size of a gap of one of the two's ring yoke to a gap. on the other 
hand, the single magnetic pole arm head is shown in drawing 1 1 — as ~ the surroundings of a main pole 
film — the conductor of helical structure — the conductor which arranges the conductor used as a coil 
and consists of them further — the structure where the outstanding recording efficiency is realizable is 
proposed by JP,1 1-1 107 17, A by exposing a coil to the maximum surface which counters a record 
medium. Although the structure which retreated at back from the maximum surface where a coil 
counters a record medium in the conventional thin film head was common, with the structure of the arm 
head proposed by this JP,1 1-1 1071 7, A, by exposing the coil wound around helical structure to the 
maximum surface which counters a record medium, the tip of a main pole film is excited strongly and 
the recording efficiency excellent in lessening leakage of magnetic flux is shown. 
[0006] 

[Problem(s) to be Solved by the Invention] However, since the recording information is long duration 
stability even if the rate that unit information occupies becomes small to the record medium used when 
realizing future more much more high recording density, it is necessary to heighten the coercive force of 
a record medium like a longitudinal recording method also in vertical magnetic recording. Moreover, 
from the magnetic head used in this case, what generates a strong head magnetic field is required. 
[0007] In order to fill such a demand, it is possible to use the material of high saturation magnetic flux 
density which can generate a still stronger magnetic field, or to increase the number of turns of the coil 
of the magnetic head further, and to perform structure amelioration of a thin film head. However, even if 
a material with high flux density needs to be developed, a possibility that the material which has one 
several times the property of the present condition according to the limit like a material will be 
developed in the near future is very low. Moreover, increasing the number of turns of a coil simply 
increases the inductance of the magnetic head, it restricts actuation of the magnetic head in a high 
frequency domain, and serves as constraint of an important high transfer rate with high density record. 
Furthermore, if it is not the structure where leakage of magnetic flux is small to the main pole tip near a 
record-medium opposed face even if it performs amelioration of a material, the increment in coil number 
of turns, etc., it is difficult to fully use the outstanding engine performance as a material of magnetic 
properties. 

[0008] In the portion at the tip of the main pole which actually determines record magnetization on the 
other hand since it is retreating from the maximum surface where, as for the general magnetic head, a 
coil counters a record medium about the head structure, the structure where a head magnetic field 
improves this since breadth and record capacity deteriorate is needed. The structure arranged so that a 
main pole film may be inserted into the exposure location on the surface of the maximum which 
counters a record medium as shown in drawing 1 1 with a coil to this problem is proposed by JP,1 1- 
1 10717,A. Since the magnetic field excited with the coil can record on a record medium according to 
this structure before that distribution spreads, it is efficiently recordable also with the number of turns of 
few coils. 

[0009] However, with this structure, there are few number of turns of that coil as [ like two times ], and 
big record current is required for them at the time of record, and they have problems, such as pyrexia of 
an element, and current limiting of the power circuit for a drive, moreover, this structure — the increase 
of the number of turns of a coil — so — ** — that that production production process increases sharply 
when it carries out ****-- a coil — the part with which a conductor is made to connect increases, and we 
bar the miniaturization of an element or are anxious also about increase of contact resistance, or 
deterioration of reliability. 

[0010] On the other hand, there is a problem of generally being easy to be influenced of an external 
magnetic field in the single magnetic pole magnetic-recording arm head for vertical magnetic 
recordings. Although a single magnetic pole magnetic-recording arm head is in non-operating state 
when this is in the condition that the single magnetic pole magnetic-recording arm head is wide opened 
in magnetic circuit, the magnetic field from the outside spreads to an auxiliary magnetic pole etc., and 
this magnetic field concentrates on a main pole thin film, it will eliminate the information on a record 
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medium by the concentrated magnetic field. As shown in drawing 12 and drawing 1 3 , the structure of 
blocking the effect by the external magnetic field incorporated by the soft magnetism layer of a direct 
external magnetic field and magnetic-recording data medium is taught to JP,5-101341,A and JP,9- 
1473 19, A, respectively. 

[001 1] Although the magnetic head, control of the magnetic property of a record medium, etc. can be 
considered other than these in order to avoid such a problem, controlling them, after maintaining the 
engine performance as a recording device also has constraint. Furthermore, if the constraint on a 
material is also large and is essentially turned to utilization of a single magnetic pole magnetic-recording 
arm head, the structure where the effect of magnetic shielding is given to the structure is desirable. Then, 
the purpose of this invention is easy to produce and it is for record sensitivity to offer a high thin film 
single magnetic pole magnetic-recording arm head. 
[0012] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem and to attain 
the purpose, the following means are provided in this invention. One feature of a thin film single 
magnetic pole magnetic-recording arm head of this invention It arranges so that main pole thin film of a 
coil may be pinched in the thickness 2 direction, a conductor with structure rolled in two or more planes 
- furthermore, the conductor - so that a coil may be extremely exposed by exposure or 5 micrometers 
or less to the maximum surface of the arm head which counters a record medium and a magnetic field of 
reversed polarity may be mutually impressed to the main pole film the conductor - giving the polarity 
of the direction of a coil of a coil, and current - a tip of a main pole film - efficient - exciting ~ further 
~ the main pole thin film and conductor - it is a soft magnetism thin film which commits the whole coil 
also as magnetic shielding, i.e., a magnetic-recording arm head formed in structure of surrounding by 
auxiliary magnetic pole. 

[0013] Namely, a main pole thin film which consists of a soft magnetism thin film according to the 1st 
invention, It is the thin film single magnetic pole magnetic-recording arm head which consists of a thin 
film conductor coil which consists of a thin film, and a magnetic core which consists of soft magnetic 
materials used suitably. Accomplish loop shape roughly and number of turns have at least 2 or more sets 
of curled form thin film conductor coils of 1 or more ****** s . or [ that this curled form thin film 
conductor coil is arranged at both sides of the direction of thickness of a main pole thin film, and 
connection between the direction both sides of thickness of a main pole thin film of these thin film 
conductor coils accomplishes by one place ] - or a thin film single magnetic pole magnetic-recording 
arm head characterized by not connecting is proposed. 

[0014] Moreover, a main pole thin film which consists of a soft magnetism thin film similarly according 
to the 2nd invention, It is the thin film single magnetic pole magnetic-recording arm head which consists 
of a thin film conductor coil which consists of a thin film, and a magnetic core which consists of soft 
magnetic materials used suitably. A thin film conductor coil wound around a curled form is arranged 
also in the opposite side where the direction of thickness of a main pole thin film counters on both sides 
of a main pole thin film at one side of the direction of thickness of the main pole. So that each thin film 
conductor coil may generate a magnetic field of hard flow mutually in the direction of thickness of a 
main pole thin film and may generate like-pole nature and a magnetic field which changes at a part for 
an outline core of the whorl in a main pole thin film point near the record-medium opposed face of an 
arm head A thin film single magnetic pole magnetic-recording arm head characterized by arranging the 
thin film conductor coil to the depth direction of a main pole thin film, and giving the direction of a coil 
of each thin film conductor coil or the polarity of current to energize is proposed. 
[0015] 

[Embodiment of the Invention] Hereafter, an operation gestalt and its modification are given and the 
summary of this invention is explained in detail. 

(The 1st operation gestalt) The cross-section structure in the field which shows the appearance of the 
important section of the thin film single magnetic pole magnetic-recording arm head as the 1st operation 
gestalt of this invention to drawing 1 with a perspective diagram, and contains segment A- A in drawing 
1 in drawing 2 at it is shown. However, the insulating layer is omitted in drawing 1 . This thin film 
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single magnetic pole magnetic-recording arm head consists of a main pole thin film 5 which consists of 
a soft magnetism thin film, 1st and 2nd thin film conductor coils 3 and 6 (however, in drawing 1 , some 
2nd thin film conductor coils 6 are cut, and it is lacked and shown) which consist of a thin film, and a 
magnetic core (that is, in the 1st auxiliary magnetic pole 2 and the 2nd auxiliary magnetic pole 7, 
however drawin g 1 , a part of 2nd auxiliary magnetic pole 7 is cut, and it is lacked and shown) which 
consists of predetermined soft magnetic materials. Moreover, abbreviation loop shape is accomplished 
in detail by 2 or more (for example, like illustration 2 sets) sets. The 1st and 2nd thin film conductor 
coils 3 and 6 which the number of turns have the curled form 1st and 2nd thin film conductor coils 3 and 
6 of 1 or more ****** Sj and accomplish these curled forms It is the thin film single magnetic pole 
magnetic-recording arm head constituted as it is arranged at the both sides of the direction of thickness 
of the main pole thin film 5, and connection between the both sides of the direction of thickness of the 
1st and 2nd thin film conductor coil 3 and the main pole thin film 5 of six comrades is further made by 
one predetermined place or it does not connect. 

[0016] Moreover, as this thin film single magnetic pole magnetic-recording arm head is shown in 
drawing 2 , at least each part of an arm head is formed by the laminated structure. Roughly, by using a 
slider 1 as a substrate, the 1st auxiliary magnetic pole 2 is formed first, and laminating formation of the 
1st thin film conductor coil 3, thin film 4for the 1st main pole thickening a, the main pole thin film 5, 
thin film 4for the 2nd main pole thickening b, the 2nd thin film conductor coil 6, and the 2nd auxiliary 
magnetic pole 7 is continuously carried out through the nonmagnetic insulating layer 10 as a protective 
coat one by one, respectively. 

[0017] In such a thin film single magnetic pole magnetic-recording arm head On both sides of the 
thickness, the laminating of the 1st and 2nd thin film conductor coils 3 and 6 of two or more spiral 
structures currently rolled in the parallel plane is carried out in a main pole thin film, the main pole thin 
film 5 which consists of a soft magnetism thin film, and abbreviation - The polarity of the direction of a 
coil of the 1st and 2nd thin film conductor coils 3 and 6 or record current is set up so that these 1st and 
2nd thin film conductor coils 3 and 6 may generate the magnetic field of reversed polarity mutually, the 
magnetic field which this generates - a conductor it becomes a magnetic field (here, a "cusp mold 
magnetic field" is called) parallel to main pole thin film film surface inboard in the location estranged 
from the coil center, and the point of the main pole thin film 5 can be magnetized strongly. Furthermore, 
the tip of the main pole thin film 5 can be efficiently excited now like JP,1 1-1 1071 7,A by exposing the 
rim of the outermost coil section of the 1st and 2nd thin film conductor coils 3 and 6 to the record- 
medium opposed face 1 1 . 

[0018] the conductor which serves as a connection using the 1st and 2nd thin film conductor coils 3 and 
6 of the spiral structure which becomes the coil of this operation gestalt with a reverse volume mutually 
to the main pole thin film 5 in the edges inside those 1st and 2nd thin film conductor coils 3 and 6 it is 
considering as the structure electrically joined through the coil pillar 9. According to this structure, 
special wiring becomes unnecessary also to connection with the external circuit which is not illustrated, 
and a "cusp mold magnetic field" can be easily generated now. and a conductor - without it makes the 
production process for connection of a coil complicated - the conductor in the whole thin film 
magnetic-recording arm head - since it is possible to make the number of turns of a coil increase, the 
effectiveness over record current is improvable. 

[0019] The property of this arm head improved as mentioned above is expressed with a graph to 
drawing,! . For example, the graph of drawing 3 is a graph [ the count result of the reinforcement of the 
conventional technology (thin film magnetic-recording arm head of JP,1 1-1 1071 7, A) / result / 
perpendicular to the vertical recording data-medium opposed face generated from the main pole thin 
film tip of the thin film magnetic-recording arm head to record current / of magnetic field strength / 
count ]. the saturation magnetic flux density of the soft magnetism thin film of a main pole thin film - 
the same value as 1 .2T — setting up - a conductor - the number of turns of a coil - the thin film single 
magnetic pole magnetic-recording arm head of this invention - a conductor - width of face of a coil is 
made to 3 micrometers, and 6 micrometers and the number of turns of the coil are made into 6 times for 
the pitch, on the other hand - the structure of the arm head of JP,1 1-1 1071 7, A - a conductor - when 
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width of face of a coil is made to 5 micrometers and the number of turns are made into 2 times, change 
of these graph curves shows that the effect that stand going up [ as opposed to record current in the way 
of the thin film single magnetic pole magnetic-recording arm head of this invention ] of a record 
magnetic field is steep about about 1.5 times compared with the conventional technology arises. 
[0020] a conductor — although only the improvement corresponding to the increment of the number of 
turns of a coil is not obtained — as this reason — a conductor — since the coil pitch is large, it originates 
in portions other than the outermost edge of the 1st and 2nd thin film conductor coils 3 and 6 being 
arranged in the location distant from main pole thin film 5 tip. Therefore, although it is because the 
current efficiency of a record magnetic field is not good, it is expected by making narrower the pitch of 
the 1st and 2nd thin film conductor coils 3 and 6 that an improvement of this problem is easy. 
[0021] The detailed production method and procedure of the thin film single magnetic pole magnetic- 
recording arm head of this invention are performed as follows. Soft magnetism thin films, such as 
CoZrNb amorphous ** NiFe, are formed by a "spatter" etc., dry etching of this is carried out to a 
predetermined configuration, and the 1st auxiliary magnetic pole 2 is formed in a substrate (slider) 1. 
And the insulating layers 10, such as an alumina, are formed by sputtering around this 1st auxiliary 
magnetic pole 2, and flattening is performed. 

[0022] Then, the 1st auxiliary magnetic pole 2, the main pole thin film 5, and thin film 4a for main pole 
thickening avoid this portion for forming magnetic pole pillar 8a for strengthening magnetic association 
and considering as a magnetic circuit with sufficient closed magnetic circuit-effectiveness, and form an 
insulating layer 10. Dry etching is performed after having formed the insulating layer 10 by sputtering 
by using as a mask the photoresist which carried out sputtering of the small conductor material of 
specific resistance, such as Cu, and carried out patterning, and the 1st thin film conductor coil 3 is 
formed. Furthermore, the portion of magnetic pole pillar 8a is avoided, the insulating layers 10, such as 
an alumina, are formed to the perimeter of this 1st thin film conductor coil 3 by sputtering, and 
flattening is performed to it. 

[0023] moreover, the case where this 1st thin film conductor coil 3 and the 2nd thin film conductor coil 
6 are formed - beforehand - that conductor - after forming the same slot as the pattern of a coil in the 
insulating layer 10 and forming metallic materials, such as Cu, with a "spatter", "plating", etc. here, it is 
also possible to form the 1st and 2nd thin film conductor coils 3 and 6 like illustration similarly by 
performing flattening using polishing etc. 

[0024] next, the conductor used as the connection for connecting electrically the 1st and 2nd thin film 
conductor coils 3 and 6 of each other - the portion of the coil pillar 9 and the portion of magnetic pole 
pillar 8a are avoided, and an insulating layer 10 is formed. The portion of magnetic pole pillar 8a is 
succeedingly formed in this processing by performing the soft magnetism thin film of CoZrNb 
amorphous ** for lift off etc. 

[0025] For the purpose of completing a head magnetic field near the tip of the main pole thin film 5 
more, thin film 4a for the 1 st main pole thickening is formed on the above-mentioned insulating layer 
10. the conductor which bears an electric flow with the 1st thin film conductor coil 3 and the 2nd thin 
film conductor coil 6 to that perimeter after patterning like [ the perimeter of this thin film 4a for the 1st 
main pole thickening ] the 1st and 2nd auxiliary magnetic poles 2 and 7, the 1st and 2nd thin film 
conductor coil 3, and 6 grades - the portion of the coil pillar 9 is avoided, an insulating layer 10 is 
formed, and flattening is performed. 

[0026] Moreover, the main pole thin film 5 is formed on the above-mentioned thin film 4a for the 1st 
main pole thickening which carried out flattening as mentioned above. This main pole thin film 5 is 
formed membrane formation and by carrying out patterning in a FeSiN film with still higher saturation 
magnetic flux density etc. rather than a CoZrNb amorphous film or this like the above-mentioned 1st 
auxiliary magnetic pole 2. the perimeter of the main pole thin film 5 — the 1st and 2nd auxiliary 
magnetic poles 2 and 7, the 1st and 2nd thin film conductor coil 3, and 6 grades — the same — after 
patterning and its perimeter - an insulating layer 10 - a conductor - the portion of the coil pillar 9 is 
avoided, it forms, and flattening is carried out. Thin film 4b for the 2nd main pole thickening is formed 
in the upper layer of this main pole thin film 5. This thin film 4b for the 2nd main pole thickening is 
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formed using the "lift-off method 1 ' which carries out the spatter of the soft magnetism films, such as a 
CoZrNb amorphous film, for a resist after patterning. 

[0027] after formation of the main pole thin film 5 and thin film 4b for the 2nd main pole thickening — 
an insulating layer 10 — a conductor - the portion of the coil pillar 9 and the portion of magnetic pole 
pillar 8b are avoided and formed, carrying out conductor material, such as Cu, for lift off etc. to this 
processing succeedingly — a conductor — the portion of the coil pillar 9 is formed. Then, the portion of 
magnetic pole pillar 8b is avoided, and flattening by the 2nd thin film conductor coil 6 and the insulating 
material of the perimeter is formed like the 1st thin film conductor coil 3 and formation of the insulating 
layer 10 of the perimeter. Thereby, the 1st thin film conductor coil 3 and the 2nd thin film conductor coil 
6 are connected electrically. 

[0028] Furthermore, magnetic pole pillar 8b is formed by avoiding the portion of magnetic pole pillar 8b 
for an insulating layer 10 to the whole, and performing soft magnetism films, such as a CoZrNb 
amorphous film, for lift off etc. to it after formation. Then, the 2nd auxiliary magnetic pole 7 is formed 
like formation of the above-mentioned 1st auxiliary magnetic pole 2. In addition, the 1st and 2nd 
auxiliary magnetic poles 2 and 7 can also be omitted according to an application, the last — the coil ends 
14a and 14b as each polar zone of the 1st thin film conductor coil 3 and the 2nd thin film conductor coil 
6 - it is alike, respectively and terminal formation is performed using technique, such as pattern plating, 
it forms by forming membranes by sputtering by using oxides, such as an alumina, as a protective coat 
(namely, insulating layer 10), and terminal **** is performed by performing polishing etc. after that. 
[0029] The above procedure is an example of the creation method of the thin film single magnetic pole 
magnetic-recording arm head of instantiation in the 1st operation gestalt. the plating process used for the 
standard production process of the usual thin film ring head although the production method illustrated 
here mainly uses the thin film dry process — or it is also possible to produce the thin film single 
magnetic pole magnetic-recording arm head of this invention with the application of the CMP process 
for flattening, moreover, the material which was excellent in corrosion resistance as a material of the 1st 
and 2nd thin film conductor coils 3 and 6 since the 1st and 2nd thin film conductor coils 3 and 6 of the 
thin film single magnetic pole magnetic-recording arm head of this invention were exposed and formed 
in the maximum surface 1 1 which counters a record medium - the conductor - using for the outermost 
periphery or the whole exposed at the tip of a coil is also considered. 

[0030] In addition, the gap between the main pole thin film 5 and the 1st and 2nd auxiliary magnetic 
poles 2 and 7 which accomplish a magnetic core is suitably decided in consideration of record magnetic 
field distribution. In this case, the value of this gap does not need to be the same at the upper and lower 
sides of the right and left of thickness of the main pole thin film 5 in drawin g 2 to illustrate, i.e., the 
direction of the main pole thin film 5. Similarly, it is not necessary to necessarily expose to the surface 
of the record-medium opposed face 1 1 of a magnetic-recording arm head, and the 1st and 2nd auxiliary 
magnetic poles 2 and 7 take record magnetic field distribution into consideration, from the record- 
medium opposed face 1 1 of this magnetic-recording arm head, may retreat only a suitable amount and 
may arrange it. 

[0031] (The operation effect 1) With this 1st operation gestalt, according to the structure where the thin 
film conductor coil of the two shape of a spiral arranged so that a main pole thin film may be pinched up 
and down in parallel to a substrate be exposed, and grow into vertical-magnetic-recording data medium 
and the maximum surface which counter, it become possible to excite a main pole thin film tip 
efficiently, and high record sensitivity can be expected. And since the direction of the "cusp mold 
magnetic field" generated with the two above spiral coils is given into the same plane as the thin film 
concerned, it essentially becomes easy to impress a perpendicular magnetic field in a main pole thin film 
point to a vertical recording data-medium side. Furthermore, since the thin film conductor coil is spiral- 
like structure, the increment in number of turns and the technical shift from the thin film ring head 
which has the coil of the same structure easily are easy. 

[0032] Moreover, since an inductance can decrease in one half about compared with the spiral coil 
which has the number of turns of the same number since the thin film conductor coil has separated to 
two parts, an improvement of the property in a RF is also expectable. Moreover, it is also expectable to 
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give the effect of magnetic shielding over an external suspension magnetic field by considering as 
structure by which outline comprehension of the structure which consists of main pole thin films and 
thin film conductor coils is carried out by the auxiliary magnetic pole in the soft magnetism thin film 
with which it is arranged up and down, i.e., this thin film single magnetic pole magnetic-recording arm 
head, of that direction of thickness. 

[0033] Furthermore, it is possible like the present merge mold MR head to unite with the arm head only 
for playbacks by forming a magneto-resistive effect element between shields different from this soft 
magnetism thin film by considering that the soft magnetism thin film which is the 1st auxiliary magnetic 
pole 2 by the side of a substrate among these auxiliary magnetic poles is the upper shield. It is also 
possible to regard it as a lower layer shield also about the soft magnetism thin film which is the 2nd 
auxiliary magnetic pole 7 of the upper part located on the other hand in the location distant from the 
substrate 1, and to unite with the arm head only for playbacks similarly. In the case of the latter, huge or 
since an anisotropy magneto-resistive effect element is produced in the second half of a production 
process, also in fields, such as selection of a material, and flexibility on the process, there is an 
advantage in ** that it is hard to be influenced of the heat in the process. 

[0034] In addition, the gestalt of the structure illustrated in the 1st operation gestalt (refer to drawing 1 
and drawin g 2 ) can perform deformation implementation also like the modification 1 described below - 
a modification 4. 

(Modification 1) Drawing 4 shows the thin film single magnetic pole magnetic-recording arm head as a 
modification 1 of the 1st operation gestalt in structure section drawing, and is the case where the thin 
film for the 1st main pole thickening, a magnetic pole pillar, and a coil pillar are omitted, that is, the 
magnetic pole pillars 8a and 8b and conductor with which the thin film single magnetic pole magnetic- 
recording arm head of this modification 1 existed in the structure in the above-mentioned 1st operation 
gestalt - it is an example which has the coil pillar 9 and the structure where production of thin film 4a 
for the 1st main pole thickening currently further formed ahead of the main pole thin film 5 is omitted. 
[0035] Since each of the thin film for the 1st main pole thickening, a magnetic pole pillar, and a coil 
pillar was omitted, while structure becomes easy, having the feature which excites the tip of the main 
pole thin film 5 according to this modification 1 without hardly being accompanied by deterioration of 
record sensitivity, a production production process serves as a very easy thin film single magnetic pole 
magnetic-recording arm head. 

[0036] The data of an actual magnetic parametric performance is mentioned and explained here about 
the property as a thin film single magnetic pole magnetic-recording arm head of this invention. As 
compared with the conventional thin film single magnetic pole arm head (refer to drawing 10 ), the 
graph shows the relation between a modification 1 or the record magnetomotive force in the thin film 
magnetic head almost equivalent to this, and a playback output to drawing 5 . The arm head 
manufactured among the arm heads for [ this ] a comparison with the modification 1 of this invention or 
the almost same gestalt as this is a thin film single magnetic pole magnetic-recording arm head which 
consists of the size and the quality of the material of the cascade screen of 0.4 micrometers of main pole 
thin film thickness, six coil number of turns, a main pole thin film material CoZrNb amorphous 
monolayer thin film and a FeSiN thin film with saturation **** density higher than this, and a CoZrNb 
amorphous thin film. 

[0037] from the size and the quality of the material of 1 micrometer of main pole thin film thickness, 17 
coil number of turns, and a main pole thin film material CoZrNb amorphous monolayer thin film in one 
side - changing - proper - an insulating layer - minding - the conductor of an auxiliary magnetic pole 
and spiral structure - it is the thin film single magnetic pole arm head of structure conventionally [ as 
shown in drawing 10 which consists of laminated structures of a coil and a main pole thin film ]. And 
these arm heads are used for this graph, and vertical coercive force is about 3.5 kOe(s). Magnetic 
recording is performed combining same bilayer vertical-magnetic-recording data medium, and an 
example [ output / which measured by reproducing using the merge mold MR head with the same item 
for longitudinal record / the record current and the regenerative-signal output ] of change is expressed. 
[0038] According to the property graph with which it was expressed here, the thin film single magnetic 
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pole magnetic-recording arm head of this invention Although main pole thin film thickness is thin, it 
compares with the thin film single magnetic pole arm head of structure conventionally. The record 
magnetomotive force of 1/3, That is, although there are few number of turns of a coil as 6 times, it is 
15mA0-p. Vertical coercive force is 3.5kOe(s) at the small record current of a degree. It turns out that 
the saturation record of comparatively big bilayer vertical-magnetic-recording data medium to say has 
been carried out. 

[0039] Moreover, an example of the over- writing property of the thin film single magnetic pole 
magnetic-recording arm head of this invention is shown in the graph of drawing 6 . according to this 
graph, 20mA [ of record current ] 0-p-30dB, and the 40mA over-writing property of 0-p-50dB obtain, 
for example ~ having — practical use — sufficient over-writing is possible. Thus, even if it compares the 
thin film single magnetic pole magnetic-recording arm head of this invention with the thin film single 
magnetic pole arm head by which the conventional proposal was made, it turns out that it has the more 
excellent record engine performance. 

[0040] (Modification 2) Deformation implementation may be carried out still as follows. The cross- 
section structure of the thin film single magnetic pole magnetic-recording arm head as a modification 2 
of the 1st operation gestalt is shown in drawin g 7 , and this is the example which omitted the 2nd 
auxiliary magnetic pole and the thin film for the 2nd main pole thickening. That is, the thin film single 
magnetic pole magnetic-recording arm head of a modification 2 is the structure explained in the above- 
mentioned modification 1, and thin film 4for the 2nd main pole thickening b and the 2nd auxiliary 
magnetic pole 7 which were produced in the processing phase in the direction of the last of a production 
production process are characterized by the structure currently omitted further here like illustration. 
[0041] According to this modification 2, a production production process is simplified sharply, this thin 
film single magnetic pole magnetic-recording arm head having the feature which excites the tip of the 
main pole thin film 5, although we are slightly anxious about the fall of some of record sensitivity, and 
reduction of the magnetic-shielding effect compared with the example mentioned above. Furthermore, 
implementation of the easy structure of omitting production of the 1st auxiliary magnetic pole 2 of one 
side as a magnetic core, and attaining simplification of much more production production process by 
this abbreviation is also possible. 

[0042] (Modification 3) the modification 3 of the 1st operation gestalt of the above-mentioned [ drawin g 
8 ] again — a structure mimetic diagram — being shown — **** - a conductor — the case where a coil is 
made into multilayer structure is shown. The thin film conductor coil of the shape of a spiral which the 
thin film single magnetic pole magnetic-recording arm head of this modification 3 has is constituted as 
follows. That is, the 1st thin film conductor coils 3a and 3b are arranged at the lower layer of the main 
pole thin film 5, and the 2nd thin film conductor coils 6a and 6b are arranged the bilayer every up and 
down at the upper layer, respectively. 

[0043] A lower layer [ of the above-mentioned 1st thin film conductor coil ] and upper layer side (1st 
thin film conductor coil 3a) (1st thin film conductor coil 3b) is electrically connected through coil pillar 
9a used as ****** in detail. Furthermore, the upper layer [ of the 1st thin film conductor coil ] and lower 
layer side (the 1st conductor coil 3b) (2nd thin film conductor coil 6a) of 2nd thin film conductor coil 3b 
is electrically connected through coil pillar 9b. Furthermore, it has the structure where the lower layer 
[ of the 2nd thin film conductor coil ] and upper layer side (2nd thin film conductor coil 6a) (2nd thin 
film conductor coil 6b) was electrically connected through coil pillar 9c. In the case of this modification 
3, the connection between the both sides of the direction of thickness of the main pole thin film of thin 
film conductor coils is accomplished in one portion of coil pillar 9b. 

[0044] although a creation production process increases slightly according to this modification 3 - the 
increase of the number of turns of a coil - carrying out - in addition - and since the number of turns of 
the coil contributed to excitation at the tip of the main pole thin film 5 increase, improvement in much 
more record sensitivity is expectable. Since appropriation of the creation technology of the multilayer 
coil of the thin film magnetic head is possible also for the increment in the creation production process, 
it does not pose a big problem technically, either, furthermore, the conductor accompanying 
multilayering - although the number for a joint of a coil increases a piece every, the coil pillar of the 
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increased connection can be formed on the direction production of thickness of these coil pillars 9a and 
9b as coil pillar 9c is formed on coil pillar 9a in drawing. Therefore, since an excessive field is hardly 
needed for the connection of the 1st and 2nd thin film conductor coils 3a, 3b, 6a, and 6b by which the 
laminating was carried out, especially a thing [ a thing ] the increment in the number of coils by 
multilayering bars the miniaturization of the magnetic head itself is not produced. 
[0045] Moreover, whenever this increases further (0.5 number of turns), even if its number for a 
connection increases a piece every and the increased connection compares it with the increment in the 
coil number of turns by multilayering with the thin film magnetic-recording arm head of the 
conventional type M a tip excitation mold" of the instantiation to drawing 1 1 which had to be created to 
the already created connection in another location on the plane which can be insulated electric, it is 
advantageous on manufacture. 

[0046] (Modification 4) The cross-section structure of the thin film single magnetic pole magnetic- 
recording arm head as a modification 4 of the 1st operation gestalt mentioned above and the cross- 
section structure seen from the record-medium opposed face 1 1 are shown in drawin g 9 (a) and (b). The 
thin film single magnetic pole magnetic-recording arm head of this modification 4 is an example which 
carried out the repeat laminating of the main pole thin film 5 and the thin film conductor coil 6 in 
structure of the modification 2 mentioned above, formed two or more main pole thin films 5 and 5a, and 
attained multi-track-ization. detailed - like illustration - two main pole thin films 5 and 5 a and three 
conductors — Coils 3, 6, and 6a perform multi-track-ization of two trucks. 

[0047] In this modification 4, if record current which generates a magnetic field which serves as the 
almost same magnitude with reversed polarity mutually to the main pole thin film 5 is added to the thin 
film conductor coils 3 and 6, the main pole thin film 5 can be excited, moreover, the conductor excited 
in order to negate mostly mutually the magnetic field excited with the thin film conductor coils 3 and 6 
which work to another main pole thin film 5a at this time - it becomes possible to excite only the main 
pole thin film 5 of arbitration, or one side of 5 a, and to operate it by setting up suitably the record 
current passed to Coils 3, 6, and 6a and these. At this time, as shown in drawin g 9 (b) seen from the 
record-medium opposed face 11, multi-track-izing is possible by not making in agreement in that 
thickness direction the tip which has exposed the main pole thin films 5 and 5b, but shifting it suitably. 
Moreover, when [ whose tip which has exposed the above-mentioned main pole thin films 5 and 5a 
corresponds in the thickness direction ] not in agreement [ case or ], it is not concerned, but it also 
becomes possible [ attaining multi-track-ization ] to make the thickness direction of the thin film into the 
width of recording track. 

[0048] (Other modifications) In addition, deformation implementation various in the range which does 
not deviate from the summary of invention other than two or more modifications mentioned above is 
possible for the thin film single magnetic pole magnetic-recording arm head of this invention. For 
example, while various modification is possible for a configuration, a size, the quality of the material, 
etc. like each part concerning the thin film single magnetic pole magnetic-recording arm head of 
illustrated this invention if needed, other proper combination is possible for them. Moreover, the thin 
film single magnetic pole magnetic-recording arm head of this invention is broadly applicable also to 
various magnetic recording media using vertical magnetic recording with tape units, such as a 
videocassette recorder and a streamer, etc. by transposing not only disk units, such as a hard disk drive 
unit and flexible disk equipment, but the magnetic thin film used as for example, an auxiliary magnetic 
pole to the magnetic ferrite material excellent in sliding nature etc. 

[0049] As mentioned above, although explained based on an operation gestalt and two or more 
modifications, the next invention is included in this specification, two or more spiral conductors 
arranged so that it might insert in the thickness direction of a main pole thin film - the thin film single 
magnetic pole magnetic-recording arm head characterized [ 1 ] by exposing each outermost edge of a 
coil to the maximum surface which counters a record medium, or forming the distance to the maximum 
surface in the location very near exposure of 5 micrometers or less can be offered. 
[0050] a conductor - a coil and this conductor - the main pole thin film formed on the coil, and the 
conductor further formed on this main pole thin film - on the structure of a coil The main pole thin film 
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arranged in the location to which the location of a recording track was suitably shifted to the already 
created main pole thin film, furthermore, the conductor formed on this main pole thin film — a thin film 
single magnetic pole magnetic-recording arm head recordable multi-track can be offered by repeating 
the structure of a coil two or more times, and creating a predetermined laminated structure. 
[0051] Moreover, it is the thin film single magnetic pole magnetic-recording arm head that whose the 
thickness of the main pole thin film is set up equally to recording track width of face it is one feature. Or 
it is the arm head which makes thickness of the main pole thin film recording track width of face, a 
conductor - a coil and this conductor ~ the main pole thin film formed on the coil, and the conductor 
further formed on this main pole thin film ~ in the structure of a coil a main pole thin film and the 
conductor further formed on this main pole thin film - by repeating the structure of a coil two or more 
times, and creating a predetermined laminated structure, a thin film single magnetic pole magnetic- 
recording arm head which enables multi-track record can also be offered. 

[0052] furthermore, the conductor which sandwiches a main pole thin film and it in the vertical direction 
- a thin film single magnetic pole magnetic-recording arm head which has the magnetic-shielding effect 
over an external suspension magnetic field can be offered by forming in structure by which outline 
comprehension is carried out because the structure which consists of a coil arranges a soft magnetism 
thin film up and down. Moreover, what combined this thin film single magnetic pole magnetic- 
recording arm head of each other [ independently or ] is adopted as a recording head. Another soft 
magnetism thin film in the location which considered the soft magnetism thin film by the side of a 
substrate as the upper shield among the soft magnetism thin films which included roughly the structure 
which consists of a coil, or is distant from a substrate is considered as a lower layer shield, the conductor 
which sandwiches a main pole thin film and it in the vertical direction - A huge or thin film [ which is 
characterized / 1 / by forming an anisotropy magneto-resistive effect element, a tunnel effect element, or 
the magnetic impedance effect element, and constituting the arm head for playback ] single magnetic 
pole magnetic-recording arm head can be offered among these soft magnetism thin films and shields. 
[0053] 

[Effect of the Invention] According to the thin film single magnetic pole magnetic-recording arm head 
of this invention, forming the thin film conductor coil of the structure which can be created with the 
conventional technology, and using this, the thin film single magnetic pole magnetic-recording arm head 
which excelled [ excite / a main pole film tip ] in record sensitivity can produce easily, and the thin film 
single magnetic pole magnetic-recording arm head which cannot be easily influenced of an external 
magnetic field can be realized further. That is, the following effects are mentioned. 
[0054] (1) while it is the structure of a main pole tip excitation mold - a conductor - it becomes very 
useful [ it is easy to increase the number of turns of a coil, and ], when realizing the thin film single 
magnetic pole magnetic-recording arm head excellent in record sensitivity. 

(2) a conductor - since the same spiral coil as the thin film ring head by which the coil is used for the 
longitudinal recording method is used, the technical shift from a thin film ring head is easy. 

(3) a main pole thin film and a conductor - it is the structure where the coil is covered in the return 
yoke, and becomes the structure of a single magnetic pole arm head of being hard to be influenced of an 
external magnetic field. 

[0055] Thus, according to this invention, in the same coil configuration as the conventional thin film 
head, it is strong also to an external magnetic field, and it becomes possible to offer the thin film single 
magnetic pole magnetic-recording arm head of the main pole tip excitation mold which was excellent in 
record sensitivity also compared with the former. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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